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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide an SCR automatically adjusting to the trigger voltage 
level responding to an impressed power tor protecting ESD(electrostatic discharge). 
SOLUTION: The trigger voltage of an SCR 68 is decided by the threshold value voltage of an 
enhansment type P-channel transistor 78, when an integrated circuit 62 is not impressed with the 
operational voltage, while by the operational voltage and the threshold value voltage of this 
transistor 78, when the integrated circuit 62 is impressed with the operating voltage. At this time, 
the pair of transistors 76, 80 of PNP and NPN forming the SCR are latched up to ground the 
protected signal path 69 for lowering the voltage impressed for the grounding down to the level 
not exceeding the holding voltage of the SCR 68. When a plurality of SCRs are connected in 
series, the overall holding voltage is almost equivalent to the total holding voltage of individual 
SCRs, exceeding the trigger voltage. Moreover, the SCR 68 is arranged in an N tank, to be 
separated from the P-substrate by a P-N junction. 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



STACKED SIUCON-CONTHOIXED RECTIFIER HAVING A LOW 
VOLTAGE TRIGGER AND ADJUSTABLE HOLDING VOLTAGE FOR ESD 

PROTECTION 



TECHNICAL EDELD OP THE INVENTION 

The present invention pertains in genera} to electrostatic discharge protection 
circuits and, more particularly, to as electrostatic discharge protection circuit included 
within an integrated circuit for shunting a signal line to ground. 
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BACKGROUND OF THE INVENTION 

Integrated circuits are particularly sensitive to the high voltages encountered 
as a result of electrostatic discharge (ESD) events, such as may occur when a person 
touches a lead of an integrated circuit. Prior art silicon-controlled rectifiers (SCR*) 
5 havo been provided for seiecttveJy discharging to ground the high voltages of ESD 

events Prior to an ESD event, the SCR is in a nonconductive state Or.ce the high 
voltage of an ESD event is encountered, the SCR then changes to a conductive state 
to shunt the current to ground and maintains this conductive state until the voltage is 
discharged to a safe leveL 

1 0 A problem arises due to the holding voltage of prior art SCRs being lower 

than the operating voltage at which the protected circuit operates. Thus, a prior art 
SCR may be triggered by an ESD event or large signal noise and remain latched in a 
conductive stste as long as rhe operating voltage is applied to the particular circuit 
being protected. The problem occurs since spurious noise generated when an 

15 integrated circuit is operated may activate a sensitive SCR circuit unless, as is 

curremry done in the prior art This ran damage the SCR. Also, the protected circuit 
cannot be used until the operating voltage is removed from the protected circuit such 
that the SCR can return to an unlatched, nonconductive state. 

A further problem occurs with the reduction in size of integrated circuits, b 
20 that the reduced scale of the circuits results in greater sensirvity and susceptibility to 

damage from ESD events. This is especially true for MOSFET circuits which 
presently operate at voltage levels of 3,3 volts. MOSFET circuits are easily damaged 
by ESD events. la order to protect such circuits against ESD events, sensitive SCR 
circuits must be utilized. Due to the high trigger voltage of an SCR, a resistor must 
25 be placed on the signal line being protected. This resistor also adds a time constant, 

AHy£>kl*to. TI-21332/TMI333 
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causing & lag in rssponst time of the signal line and distortion of digital signals at high 
frequences. 
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SUMMARY OF THE INVENTION 

The present invention disclosed and claimed herein comprises an SCR having 

a trigger voltage -which is automatically adjusted to different trigger voltage levels in 
response to power being applied to the integrated circuit. A P-chaimel transistor is 
S provided for determining the trigger voltage. When operating power is not applied to 

the integrated circuit being protected, the P-charmel transistor threshold vohage 
determines the voltage al which the SCR is triggered. When operating power is 
applied to the integrated circuit being protected, the operating voltage is applied to 
the gate of the P~cbanne) transistor, .and the operating vohage of the integrated circuit 
10 and the threshold voltage of the P-channcl transistor determine the trigger voltage of 

the SCR Then a PNP and NFN transistor pair are latched to shunt the protected 
signal path to ground. The SCR remains latched until die voltage applied to the 
signal path falls beneath tbe threshold voltage of the SCR 

15 In another aspect of the present invention, a plurality of SCBs may be stacked, 

or connected in series, such that the cumulative holding voltages of the SCRs are 
greater than the operating vohage applied to the signal patk The SCRs are stacked in 
series, such that the overall holding voltage for the series of SCRs is approximately 
equal to the sum of the individual holding voltages for the SCRs and is greater than 

20 the trigger voltage. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



For a more complete understanding of the present invention and the 
advantages thereof, reference is now made to the following description taken in 
conjunction with the accompanying Drawings in which: 



5 FIGURE 1 illustrates a schematic diagram of a prior an SCR included within 

an integratedcircuh to provide ESD protection; 

FIGURE 2 illustrates e sectional view of a prior art integrated circuir which 
provides the SCR as depicted in FIGURE 1; 

FIGURE 3 illustrates a schematic diagram of an ESD protection circuit which 
10 comprises an SCR of the present invention; 

FIGURE 4 illustrates a sectional view of an integrated circuit which includes 
the ESD protection circuit which is schematically depicted in FIGURE 3; 

FIGURE 5 illustrates a schematic diagram of an ESD protection circuit of an 
alternative embodiment of the present invention, which comprises two SCRs 
1 5 connected together in series; 

FIGURE 6 illustrates a sectional view of en integrated circuit which includes 
the ESD protection circuit of FIGURE 5; 

FIGURES 7, S and 9 illustrate plots of current versus voltage for the various 
ESD protection circuits of FIGUREa 1-6; and 
20 FIGURE 1 0 illustrates an ESD protection circuit of an alternative embodiment 

of the present invention, in which SCRs of the type depicted in HGUREs 3 and A are 
stacked to provide the protection circuit. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring now to FIGURE 1. there is iflustrated a schematic diagram of a 
prior art integrated circuit 10 having protected circuitry 12. The circuitry 12 is 
protected by a diode connected U-channel transistor 14 having the drain connected to 

S the gate of transistor 12 and tbe source thereof connected to ground, such that 
voltage* in excess of the breakdown voltage of the transistor 14 will cause tt to 
conduct. A resistor 16 is connected between the gate of transistor 12 and an input 
pad 20. An SCR IS is connected from the pad 20 to ground. The SCR 18 includes 
an anode 21 that is connected to the pad 20, which anode 21 w connected to one eid« 

10 of a resistor 22 and the emitter of a PNP transistor 24. The base of the transistor 24 
is connected to a node 26. Tbe other side of resistor 22 » connected to the node 26. 
The drain of an N-channel transistor 28 and die collector of an NPN transistor 30 are 
both connected to the node 26. The base of the transistor 30 is connected to a node 
32, which ic connected to the collector of the transistor 24 and to one side of a 

1 5 resistor 34. The other side of resistor 34 is connected to a node 36, this being the 

cathode which is connected to ground. The emitter of the transistor 30, and the gate 
and the source of the N-charoiel transistor 28 are connected to the node 36. 

Referring now to FIGURE 2, there is illustrated a sectional view of an 
integrated circuit 40 which provides the circuitry of the SCR 1 8 depicted in FIGURE 

20 I. Integrated circuit 40 includes a P-tyye substrate 42 Into which an N-weU 44 is 

formed. Within the N-weD 44, an N+- region 46 and a P+ region 48 are formed. The 
N+ region 46 and the P+ region 48 are together connected to a tenrrinal pad 50, 
which provides the equivalent of the anode 21 of FIGURE 1. An N+ region 52 is 
provided such that it is disposed across tbe junction of the N-wcll 44 and the 

25 substrate 41 as shown. An N+ region 54 is formed into the substrate 42, spaced apart 
from N+ region 52. An N-ch«n»el transistor is provided by disposing a gate 56 
adjacent to a portion of the substrate 42 which extends between theW- region 52 and 
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the N+ region 54, these forming the sourceydrain regions thereof AP+rc»on58is 
formed into ihc substrate 42 and connected to a tenrinal pad 60. The region 54 
and tbe gate 56 are also directly connected to thetenruiurf pad 60. The tertnioal pad 
60 provides the node 36 of FIGURE 1. 

5 Referring fiirther to FIGURES 1 and 2, the resbtor 22 of resistance is 

provided by a portion of the N-wdt 44 which extends &om the N+ regon 46 to ihe 
interface of the N-wefl 44 and the substrate 42. The N+ region 46 is spaced apart 
from the region 52 such that o portion ufthc N-**H 44 which extend* between 
the N+ region 46 aod the N+ region 52 provides the resistor 22 of resistance 1^. The 

] o ter minal pad 50 is also connected to the P+ region 48. Tbe region of the substrate 42 
extending from the junction with theN-wefl 44 to the P+ region 58 provides the 
icsistor 34 of instance Rp, Th* PNP transistor 24 has an emitter provided by the P+ 

legion 48;-a base -provided by the N-well 44, and a collector provided by the P- 

substrale 42. The N+ region 52 provides the drain for th* N-ciunnel transistor 28 

1 5 The gate and the source of theN-ehannei transistor 2S are provided by the gate 56 
ud the N+ region 54, respectively. The KPN transistor 30 has the collector therrof 
provided by the N-wefl 44, the base thereof provided by the substrate 42. and the 
emitter thereof provided by the N+ region 54. 

In operation, the protective circuit 18 wiD not conduct current between the 
20 anode 23 and the cathode 36 until a voltage builds up at the node 26 which exceeds 

the breakdown voltage of the transistor 28. The breakdown voltage preferably ranges 
1 to 10 volte for 3.3V operation taehnology and from 10.0 to 1 5.0 volts for SV 
operation technology. Once the breakdown vohage of the transistor 28 is exceeded, 
current will flow through resistor 22 to the node 26, and from the drain to the source 
25 of the transistor 28. Current through the resistor 22 wil) cause the voltage on the 

base of the PNP transistor 24 to drop. Once ihe diode voltage of the transistor 24 is 
exceeded, with a forward bias, it will conduct current &om the anode 21 to the node 
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32. Current through resistor 34 to the node 36 will cause the voltage on the base of 
transmitter 30 to rise and turn on transistor 30. Current passing through the 
transistor 30 causes current to pas* through tho remittor 22 further towering the 
voltage on node 26 below the breakdown voltage of transistor 28. Thus, the 
5 transistors 24 and 30 will latch in conductive modes until the voltage across either of 
resistors 22 and 34 fells beneath a holding voltage for the SCR J8. 

The prior an protective circuitry of the SCR 18 has a singular trigger voltage, 
which is determined by the breakdown voltage of the transistor 28. The holding 
voltage for the prior an SCR 1 8 is typically less than the power supply voltage of the 
10 protected circuitry 12, resulting in the SCR 18 latching in a conductive mode until 

operating power ic rsmovad from the signal tine being protected. For example. For a 
3 .3 volt technology, the holding voltage is approximately 1 .5 volts, 

FIGURE 3 illustrates a schematic diagram of an integrated circuit 62, which 
has protected circuitry 64 in the form of an MOS transistor and an N-channd 

15 "lrinsisto? 66 coiinectea between the pad 72 arid ground. Protective cfrcuitiy is 

provided by an SCR 68 connected between the pad 72 and ground. The SCR 68 has 
an operating voltage terminal pad 70 connected to the power supplied to the 
integrated circuit 62, although it could he connected to another voltage level The 
circuitry of the SCR 68 further includes an anode 73 which is connected to one side 

20 of a resistor 74, to the emitter of a PNP transistor 76 and to the source of a P-channd 
transistor 75. The gate of the transistor 78 is connected direcdy to the terminal pad 
70, which is connected to V DD . The other side of resistor 74 is connected to a node 
80. The node 80 is connected to the base of the transistor 76 and the collector of an 
NPN transistor «2> The base of the transistor S2 » connected directly to a node 84. 

25 The collector of the transistor 76 and the drain of the transistor 78 are also connected 
directly to a node 84, A resistor 86 is connected between the node 84 and a node 88. 
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The node 88 provides the cathode of the SCR 68 which is connected to ground. The 
emitter of the NPN transistor 82 is also connected to the node 88. 

Referring now to FIGURE 4, there is illustrated a sectional view of an 
integrated circuit 90 which provides the circuitry of the SCR 68 depicted i a FIGURE 
3. The integrated ciraih 90 includes a P-typc substrate 92. A high voltage N-iank 
(HV-ntank) 98 is fanned to the substrate 92. Also formed in substrate 92 is a P+ 
region 94 which is connected to a substrate terminal pad 96 for providing an electrical 
connection to the substrate 92. A low voltage P-tank (LV-ptank) 100 is formed in 
the HV-ntank 98. A P+ region 102 is formed in the LV-ptank 100. An N+ region 
1 04 is also formed into the LV-ptank 100. The P+ region 102 and the K+ region 104 
are bolh connected to a cathode 106. AP+ region 108 extends between the HV- 
ntank 98 and the LV-ptank 1 00. A P+ region 110 is formed in the HV-mank 98, 
spaced apart from the P+ region 108 to provide the source/drain regions of a P- 
^Bannel resistor separated by a channel region over which a gale electrode 112 is 
1 5 disposed and separated therefrom by a layer of gate oxide. The gate 1 12 is connected 
to a terminal pad 1 14. An N+ region 1 16 b formed into the HV-ntank 98 and, along 
with the P+ region 1 10. is connected to an anode 118. It should be noted that the 
resistivity of the HV-mank 98 is such that it win provide a resistance ofR^ to the 
portion thereof between the LV-ptank 100 and the N+ region 116. Additionally, the 
20 resistivity of the LV-ptank 100 is such that it will provide a resistance R, in the 

portion thereof extending between the P+ region 1 02 and both the P+ region 108 and 
the HV-ntank 98. The HV-ntank 98 wiD also isolate the SCR 68 from the substrate 
92. * ' 



Referring now to FIGUREs 3 and 4. the anode 73 of FIGURE 3 corresponds 
25 to the terminal pad 118 of FIGURE 4. providing the anode for the SCR 68. A 

portion of the HV-ntank 98 which extends from the N+ regon 1 16 to the LV-ptank 
I OO has a resistivity such that it provides the resistor 74 of resistance Rn. The 
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emitter, the base and the collector of the transistor 76 are provided by the region 
llO.theHV-ntanky^andtte^ TheP+regions 108 and 

1 10 and tho gate 1 12 together provide the transistor 78. The terminal pad 1 14 
connects the nate 112 to V ro and corresponds to the terminal pad 70. TbeP+rcgion 
5 no corresponds to the source an^ 

transistor 78. The collector, the base, and the emitter of the transistor 82 are 
provided by the HV-ntaak $8, the LV-ptank 1DO and the region 104, respectively. 
The portioit.of the LV-ptank 100 which extends from the P+ region 108 and the HV- 
ntank 98 to the P+ region 1 02 provide* the resistor 86 of a resistance R?. The node 
10 1 06 correspond* to the node 88 and provides the cathode for SCK 68. 

The SCR 68 protects the circuit 64 against ESD events, ft should be noted 
thai tbe resistor 16, which is included between SCR 1 8 and protected circuitry 12. of 
FIGURE 1, ia not included within the circuitry depicted inHGURE 3. 

In operation, there are two conditions to consider, a power-down operatic* 
15 and a power-up operation. In the power-down operation, the voltage on pad 70 
will be virtually grounded. Since the voltage is disposed at ground, any positive 
voltage on the drain of transistor 78 above one threshold voltage V-j thereof, -which is 
connected to the anode 73 of the SCR 68. witt turn on transistor 78 and conduct 
current to resistor £6. Whan this voltage is sufficient to tuns on transistor 82, current 
20 will flow through resistor 74 to pull node SO down and turn on transistor 76, thus 

latching the SCR 68, Alternatively, in the power-up condition, the pad 72 is raised to 
V ro which is, in the preferred embodiment, 3.3 volts (or 5.0 volts in other 
applications). When tbe voltage on the input terminal pad 72 is raised up to a voltage 
that is one threshold voltage V x above the supply voltage that is on the gate of 
25 transistor 78, transistor 78 wiD conduct and current will flow to resistor 86. This wiO 
turn on transistor 62, pulling node 80 low end turning on translator 76, thus activating 
the SCR 68 and pulling the voltage on pad 70 low. Once the voltage on the anode 73 
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is pulled low, iransisior 78 wiU turn oft duo to iu source foiling below one V r above 
the gate vohagje, V DD . When the voltage an the anode fells to a level below the 
holding voltage, then the latch will again turn off In the preferred embodiment, this 
voltage is approximately 1.2 volts. Therefore, with the use of the transistor 78 with 

5 the gate thereof connected to the supply voltage on the pad 70, a lower trigger 

voltage has been realbsed end no series resistor is required. Further, by isolating the 
SCR in a high voltage tank, substrate current injection is reduced. This is due to the 
feci tbrt there b a reverse biased PN junction between the high voltage tank and the 
substrate, which substrate is a P-type material. Since the high voltage tank provides 

10 the base for the PNP transistor fit the node 80, this substrate current injection could 

effect the operation of the SCR- . 

Referring now to FIGURE 5, there is illustrated a protective circuit 124 which j 
U comprised of the series combination of an SCR 12$ and an SCR 128. The SCR 

15 m is similar to the SCR 68 of FIGURE 3. The ekariiry of the SCR 12& includes an 

operating voltage terminal pad 130 which is connected to the operating voltage Vdo 
of the integrated circuit within which the protective circuit 124 is included. An anode 
is provided by a Terminal pad 132, the anode. A resistor 134 connects from the 
terminal pad 132 to a node 140. A FNP-bipolar transistor 136 has die emitter thereof 

20 connected to the anode 132, the collector thereof connected to a node 144, and the 
base thereof connected to the node 140. A P-channcl transistor 138 has the source 
thereof connected to the anode 132. and the drain thereof connected to the node 144. 
The gate of the transistor 138 is connect cd to the terminal pad 130, which is 
connected to the operating voltage V m . An NPN transistor 142 has the collector 

25 thereof connected to tho node 140, 4h© base thereof connected to the node 144, and 

the eraiuei thereof connected to the node 148. A resistor 146 of resistance Ry is 
connected between the node 144 and the node 14*. A resistor 134 of resistance Rp is 
connected between the terminal pad 132 and the node 140. 
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The node 148 of the SCR 128 is connected to b node 1 50 of the SOI 126. A 
resistor 152 of resistance R* is connected between a node 150 and a node 156. A. 
PMP tranrirtor 154 has the emitter thereof connected to the node 150, the base 
thereof connected to the node 156. and the collector thereof connected to a node 1 62. 

5 An NPN transistor 1 60 has the conector thereof connected to the node 1 56, the base 
thereof connected to the node 162, and the emitter thereof connected to a node 166. 
A resistor 1 64 of resistance IV ii connected between the node 162 and the node 166. 
An K-clunncltraisistor 158 has the drain and the gate thereof connected to the node 
156 end the source thereof connected to the node 1 66. A resistor 164 of resistance 

10 V ^ connected between the node 162 and the node 166. 

Referring now to FIGURE 6, there is illustrated * Seconal vi ew of an 
integrated circuit 170 which provides the protective circuit 124 depicted in FIGURE 
5, The integrated drcuit 170 includes & P-type substrate 172. A high vohage N-tank 
(BV-ntank) 174 is formed into the substrate 372. A Jaw voltage P-tenk (LV-ptank) 

15 J 76 is formed imo the HV-wank 174. An m region 1B0 and a P+ region 1S2 arc 

formed into the HV-ntank 174, and arc bo* connected to a terminal pad 1S4, which 
provides an anode. A P+- region 186 b formed across the junction between the HV- 
ntank 174 and theLV-ptank 176, The P+ region the P+ region tS6 and a gate 
electrode 18a together define a P- channel transistor in the HV-nunk 171. The gate 

20 electrode 1 88 is connected to a terminal pad 1 90. An N+ region 192 and a P+ region 

194 are formed into the LV-ptank 176. The N+ region 192 and the P+ region 1 94 
are both connected to a node 196, which is connected to a node 198. 

A low voItage-N tank (LV-mnnk) region 200 is formed into the substrate 172. 
Ajo region 202 and a P+ region 204 are formed into the LV-ntank 200. The N+- 
25 region 202 and the P+ region 204 are both connected to the node 1 9ft. An N+ region 

206 is formed across the junction between the substrate 172 and the LV-ntank region 
200. An M+ region 20S is formed into the substrate 172, and together witb a gate 
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electrode 210 and the N+ region 206 provides an N-channd transistor. The gate 
electrode 210 is connected to a terminal pad 212, whkfa m torn U tied to the N+ 
^gion 206. A P+ region 214 u formed into the substeaie 172. The P+ region 214 
and the N* region 20* are connected to a node 21*. 

5 deferring now to YlOUREs 5 axsd 6, the terminal pad ISA of the integrated 

circuit 170 corresponds to the terminal pad 132 of the SCR 12S, and provides the 
anode for the. protective circuit 124. The PUP transistor 136 is provided by the 
region 182, the HV-ntank 174, and the LV-ptank 175. The P-cfaartnel transistor 138 
is provided by the P+ region 182, the gate electrode 18a, and the F+ region 186. The 

10 resistor 134 of resistance R* is provided by the portion ofHV-nlimk 174 which 
extends from the N+ regon ISO to the LV-ptank 176. TheNFN transistor 142 is 
provided by the HV-ntank 174, the LV-ptank 176, and the N+ regionl 92. The 
resistor 146 of resistance Ry is provided by a portion of the LV-ptaak 176 whkii 
extends from the HV-ntank 174 to the F+ region 194. The node 196 of FIGURE 6 

15 corresponds to the node 148 of FIGURE 5. The diode junction between the HV- 
ntank 174 and the substrate 172 isolates the SCR 128 from the substrate 1 72. 



The SCR 126 has a node 1 50 which corresponds co the terminal pad 1 98 of 
the integrated circuit 170. ThePNP transistor 154 has the emitter, the base and 
collector provided by the P+ region 204, the LV-otank 200 and the substrate 1 72, 

20 respectively. The resistor 1 52 of resiaance Rj/ is provided by a portion of the LV- 

ntark 200. which extends from the N+ region 202 to a portion of the junction 
between the LV-ntank 200 and the substrate 172. The drain, the gate, and the source 
of the N-cbanncl transistor 158 correspond to thcN+ region 206, the gate electrode 
210 and the Tfi- region 20S f respectively. The collector, base, end emitter of the NFN 

25 transistor 160 correspond to the LV-ntarik 200. the substrate 172. and the region 
208, respectively. The resistor 164 of resistance iy corresponds to a portion of the 
substrate 172, which extends from the LV-ntank 200 to the region 214. The 
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terminal pad 216 of the integrated circuit 170 corresponds to the node 166 ofthe 
SCR 126. 

In operation, The protective circuit 124 may be attached to an input pad to be 
protected as depicted for the SCR 68 in FIGURE 3- The operating voltage V ro of 

5 the integrated circuit 1 70 will preferably be connected to the operating voltage 
terminal pud 130 of the protective circuit 124, though h can be connected to 
another voltage different than the operating voltage. The terminal pad 132 will be 
connected to a signal line of a circuit to be protected against damage by the high 
voltage of ESD events. When the voltage V TO is not applied to the terminal pad 130 

10 in a power-down condition, the SCR 128 will be triggered by a voltage which exceeds 
the threshold voltage V T of transistor 138. Whan the voltage U applied to die 
integrated circuit 172, the. voltage V DD will be applied to the terminal pad 130. Then, 
the SCR 128 wit! be triggered by a voltage applied to the terminal pad 1 32 which 
exceeds the voltage V M applied to the terminal pad 130 by one threshold voltage V x . 

15 Current will then flow through the P-charaiei transistor 138 to the node 144 and then 

through the resistor 146 to the node 148. 

When the voltage on the anode 132 exceeds the voltage on the gate of 
transistor 138 by more than one threshold voltage, current wfll flow through resistor 
146. Since the second SCR 326 is connected between node 148 and ground, current 

20 Will then flow through resistor 152 to node 136 and through transistor 158. This will 

pull the base of transistor 1S4 low, turning on transistor 1 S4 and passing current 
through resistor 164. Node 162 will rise, turning on tranistor 160 and thereby 
latching SCR 126 and pulling node 148 to ground, This will in turn cause current to 
flow through resistor 146 at such a level thai transistor 142 will be turned on, pulling 

23 node 140 low and turning on transistor 136 and causing SCR 128 to latch. 
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With the two series connected SCR* 128 and 126, control therdbr is provided 
by the trigger voltage of the SCR 128, i.e., the trigger voltage is one threshold above 
the supply voltage or whatever voltage is connected to the pad 130. However, the 
holding voltage is the sum oftbx two holding voltage for the SCR 128 and the 

5 holding voltage for the SCR 126. As such, the holding voltage can exceed the power 

supply voltage. For example, a 3.3 vok technology part would have two stacked 
SCRa, each with a holing voltage of approximately 1 75 volts for a combined 
holding vohagc of 3.5 volts, greater than the power supply voltage. Further, the 
holding voltage can be designed to be greater than the trigger voltage of the power 

10 supply voltage plus V T . The holding voltage is a function of the P of the NPN and 
PNP transistors, this being a function of the product of the p"s» f(P*P). 

Referring now to FIGUREs 7, 8 and P, there are illustrated graphs of current 
versus voltage for the SCR 128, the SCR 126, and the protective circuit 124, 

15 respectively. A curve 220 depicts a trigger voltage for the SCR 128 as being at 
a point 222. The holding voltage (V^) for the SCR 128 Is depicted at a point 224. 
The curve 226 depicts the trigger voltage (V^) for the SCR 1 26 as being at a point 
228 and the holding voltage (V,) for the SCR 126 as being at a point 230. Lastly, the 
curve 232 depicts the trigger voltage 0^ and the holding voha^ (V t ) for ibe 

20 protective circuit 124 as being at points 234 and 236, respectively. As discussed 

above, the protective circuit 124 comprises the SCR 128 connected in series with the 
SCR 126. The V m for the protective drcutt 3 24 is approximately equal to the 
for the SCR 128, which is depicted at point 222 in FIGURE 7. The V h of the 
protective circuit 1 24 is depicted at point 236 and is approximately equal to the sum 

25 of the V h for the SCR 126. which Is depicted at point 230 In FIGURE 8, and the V k of 

the SCR 128. which is depicted at the point 224 of FIGURE 7. Thus, the holding 
voltages for the SCRs 126 and 128. which are connected in scries, are cumulative. 
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FIGURE 10 is a schematic Mock diagram depicting a protective circuit 238 
which includes a plurality of isolated, tow vohagc SCRs (ILVSCRs), such as the SCR 
68 and th« SCR 128 of FIGURES 3 and 5. respectively. An ILVSCR 240 is 
connected in scries with an ILVSCR 242, The terminal pads 244 and 246 are 
5 connected to the operating power voltage for the integrated circuit in which they 
are included. The terminal pads 244 and 24< correspond to the terminal pads 70 and 
130 of FIGURES 3 and 5, respectively. The terminal pad 248 of the ILVSCR 240 
would be connected directly to the signal line to be protected from ESD. The 
cath»4* of the ILVSCR 240, which corresponds to the node 88 of FIGURE 3, would 

10 be connected to the anode of the ILVSCR 242, which corresponds to the anode 132 
Of FIGURE 5. Other ILV5CR5 may be included b aeries. Thus, the protective 
circuit 238 has a trigger voltage which is equal to the trigger voltage for a singular 
SCR, such as either of the SCRs (58 or 128, and would have a holding voltage which 
is equal to the sum of the holding voltages for the SCRs 240 and 242. Tims, the 

15 ILVSCRs 240 and 242, along with other SCRs, Dan be stacked in series, such that the 
holding voltage for the protective circuit 238 it cumulative. 

In summary, there has been provided a protective circuit for protecting against 
the high voltage of BSD events. The protective circuit has a trigger voltage which is 
variable and automatically determined by the operating voltage applied to an 
20 integrated circuit within which the protected circuit of the present invention is 
Included. The holding voltage of the protective circuit may be increased by 
selectively connecting a plurality of SCRs in scries. Thus, a protective circuit is 
provided in which the trigger voltage is variable in response to the operating voltage 
being applied to the circuit, and the holding voltage may be selectively detenrnned. 

25 Although several embodiments of the invention have been described in detail 

it should he understood that various changes* substitutions and alterations can be 
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made ihtren without dej»rtin$ from the spirit and scope of the invention as defined 
by the appended claims. 
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WHAT IS CLAIMED IS; 

1 . A protective circuit for preventing excessive voltages from being 
applied through a signal line to a protected circuit, the protective circuit comprising: 

a larch having At feast an NPN transistor and a PNP transistor 
configured in at least a single SCR. configuration with an anode and a cathode with 
5 the anode connected to the signal line and the cathode connected to a ground 

reference voltage wherein said latch, once Latched, will release when the voltage fells 
below a holding voltage associated with said latch; and 

a trigger mechanism for triggering said latch, said triggering 
mechanism operated by a trigger voltage that is connected to a voltage separate from 
10 the anode of said latch. 

2. The protective circuit of Chum I, wherein said trigger voltage 
comprises the operating power supply voltage of the protected circuit. 

3. The protective circuit of Claim 1, wherein the holding voltage is 
greater than the trigger voltage. 

4. The protective circuit of Claim 1, wherein the holding voltage is 
adjustable by utilizing at least two series connected SCRs, each having at least an 
NPN transistor and a PNP transistor configured in an SCR configuration. 
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5. A protective circuit for preventing excessive voltages from being 
applied through a si^al line to ft protected circuit, the protective circuit comprising: 

un anode connected to the signal line; 

a cathode connected to a ground reference; 

A P-channel transistor hevittg the source thereof connected to said 
anode and the gate thereof connected to a trigger voltage separate from the voltage 
on tbe signal line, 

q PNP transistor having a b&s«, an emitter connected to both raid 
anode line and the source of said P-channel transistor, and further having a collector 
connected to the drain of said P -channel transistor, 

an NPN transistor having the emitter thereof connected to said 
cathode, the base thereof connected to the collector of sad PNP transistor and the 
drain of said P-cbannel transistor, end the collector thereof connected to the base of 
Mid PNP transistor, 

a first resistor connected between said anode and the base of said PNP 
transistor and the collector of said NPN transistor. 

a second resifftor connected between said cathode and the collector of 
said PNP transistor, the drain of said P*channel rransi^or and die base of said NPN 
transistor, with said PNP and NPN transistor and said first and second resistors 
configured as an SCR; and 

wherein said P-channel transistor will conduct current through said second 
resistor to cause the voltage on the base of said NPN transistor to increase thus 
tinning on said NPN transistor and pulling the base of said PNP transistor low to turn 
on said PNP transistor and latch said SCK~ 

6. The protective circuit according to Claim 5, wherein the gate of said 
P-channel transistor is connected to an operating -voltage t crown*! of sauj protected 
circuit. 
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7. Tie protective circuit according to Claim 3 ? wherein said protective 
circuit is formed u> part of on integral** circuit and contiuned wilhin an N-tank, 
which is disposed within a P-type whstrate lo electrically isolate said protective 
circuit from other portions of said integrated circuit. 

8. The protective circuit **cvr&n& to Claim 5, wherein said P-charmel 

transit sail PNP trawirtar, Bffld N?N triniistor, aod antd tot and §« ond 

comprise a first SCR, and acid protective circuit further comprises: 

a second SCR connected in scries -with m& first SCR, said first and 
5 second SCRa having a holding voltage associated therewith, such that a combined 
holding voltage of said protecuv© circuit is approximately equal to the sum of the 
holding voltages of cadi of said first and second SCR& . „ 

9. The protective circuit according to Claim 8, wherein said first and 
second SCRs are configured such that said combined trigger voltage of said 
protective circuit is epproxLmet&lv equal to the trigger voltage of one of said Orst and 
second SCRs. 

1 0. The protective cucuir according to Claim 8, wherein at least one of 
said first and second SCRs ate isolated from the other portions of act integrated circuit 
i^thia which said of least one SCR is inctoded by being disposed within an N-tank 
disposed within a ? substrate. 

1 1 . The protective circuit according to Claim S f wherctn: 

the gat« of caid P -channel transistor is connected to an operating 
voltage terminal of said protected circuit, 



Atty.Dfct.tfo. TU133VIW 1333 



(31) 



mffl^l 0-313110 



21 

said protective circuit is formed as part of an integrated circuit and 
contained within an N-tank, which is disposed within a P-type substrate to electrically 
isolate said protective circuit from other portions of said integrated circuit; and 

said first and second SCRs are configured such thai the trigger vohage 
of said protective circuit is aRn-oxunately equal to the trigger vohage of one of said 
first and second SCRs. 
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] 2. A protective SCR circuit having a cathode and an anode ftr preventing 
excessive voltages from being applied through a signal line to a protected circuit, the 
SCR protective circuit comprising: 

an N-tank formed in a P-type substrate; 

5 a P-tank disposed within said N-tank; 

a first P+ region disposed within said P-tank; 
a first N+ region disposed within said P-tank; 
. a second P+ region disposed in a bridging relationship to said P-tank 
and said N-tank such that said P+ region is disposed partially within both said P-tank 
10 and said N-tank; 

a thud P+ region disposed within said N-tank and spaced apart firom 
said second P+ region to form a channel region; 

a gate disposed over said channel region and separated therefrom by a 
layer of gate oxide to define a P-cHannd transistor, said gate connect able to a trigger 
15 voltage that is separate from the anode; 

a. second N+ region disposed wirhm said N-tank; 
a first pad connected to said first P+ region and said first N+ region to 
form the cathode of the SCR protective circuit; 

a second pad connected to said third P+ region and said second N+ 
20 region to form the anode of the SCR protective circuit; 

wherein a resistive portion of said N-tank extends between said second 
N+ region and said P-tank, proximate to said third P+ region, for applying a positive 
bias voltage between said third P+ region and said N-tank in response to current of a 
Erst predetermined level passing therethrough; and 
25 wherein a resistive portion of said F-*ank extends between said first 

N+ region and said N-tank and between said first P+ region and said second P+ 
region for applying a negative bias voltage between said first N+ region and said N- 
lank in response to current of a second predetermined level passing therethrough. 
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13. Tht protective circuit according to Claim 1 2, wherein said gate is 
connected lo an operating -voltage tenninel of »eid protected circuit 
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14. A protective circuit for preventing high voltage from being applied 
through a signal line to a protected droit, the protective circuit comprising: 

a first SCR having a first holding voltage arri an associated trigger 
voltage, a first anode and a first cathode, with said first anode befog connected to said 
5 signal line; 

a second SCR having a second holding voltage and an associated 
trigger voltage; a second anode and a second cathode* tvfth aid first anode being 
connected to said firet cathode of said first SCR such that said first and second SCRs 
are connected in series; and 
10 wherein said protective circuit has a trigger voltage defined by only the 

trigger voltage of said first SCR and a combined protective circuit holding voltage, 
wth said combined protective circuit holding voltage comprising the cumulative sum 
of said first and second hokflng voltage*. 

15. The protective circuit of claim 14, wherein said <ofnbined protective 
13 circuit holding voStege is greater than said trigger voltage. 
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Abstract 



STACKED SILICOtf-CONTOOU-ED RECTIFIER HAVING A LOW 
VOLTAGE TR1GGIK AND ADJUSTABLE HOLDING VOLTAGE FOK ESD 

moTxcnoN 



ABSTRACT OF THE DISCLOSURE 

An SCR (68) for protecting an integrated rircuft (62) against ESD events U 
provided having a trigger vohage which Is automatically adjuried to different trigger 
voltage levels in response to power being applied to The integrated circuit (62). An 
enham^ment-typc P-channel transistor (IK) is provided fbi detejrniaing the trigger 
voltage. When operating power is not being applied to the integrated circuit (62), the 
F-channel transistor (78) threshold voltage determines the voltage at v/Hch ihc SCR 

(68) it triggered. When operating power is being applied to the integrated circuit 
(62), die operating voltage « applied to the g*te of the P-channel transistor (78), and 
then the operating voltage and the threshold voltage for the F-diannel transistor (78) 
detetmuie the trigger voltage of the SCR (68). Then, a PNP and NPN transistor pair 
(76, fiO) lhat form the SCR (68) are latched to sHunt the protected signal path (69) to 
ground. The SCR (68) remains latched until the voltage applied to ihc signal path 

(69) falls beneath a holding voltage of the SCR (68). A plurality of the SCRs (126, 
1M) may be connected in series, such that the overall holding voltage for the series of 
SCRS (126, 128) is approximately equal to the sum of the individual holding voltages 
for the SOU (126, 128), p*ich overall holding voltage b greater than the trigger 
voltage. Preferably, the SCR (68) is isolated from the P sulrtrate (92) by a P~N 
junction which ia provided by disposing the SCR (68) within an N-tank (98). 

Representative Braving 
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